We investigated the risk factors for adenoma occurrence at surveillance colonoscopy, especially focusing on patient characteristics, including metabolic factors.
Introduction
Colorectal cancer (CRC) is the third most common cancer in males and the second most common in females, making it the fourth most common leading cause of cancer-related deaths worldwide. [1] In Asian countries, the incidence of CRC has steeply increased in recent years. [2, 3] Screening colonoscopy and polypectomy have the most significant effects on reducing the incidence and mortality of CRC. [4, 5] However, patients who have adenomas are at increased risk for developing metachronous adenomas or cancer, compared with patients without adenomas. [6] Thus, patients with resected adenomas are recommended to have follow-up surveillance colonoscopy. [6] [7] [8] The present guidelines on postpolypectomy surveillance have introduced the concept of "risk stratification" on the basis of baseline adenoma characteristics. [6] [7] [8] The guidelines stratify adenomas into 2 risk groups based on the likelihood of developing advanced colorectal neoplasm (ACRN) during surveillance and recommend repeat screening colonoscopy at 10 years for subjects with no adenoma, 5 to 10 years for patients with low-risk adenomas, and 3 years for those with high-risk adenomas. [6] [7] [8] However, patients' characteristics, as well as adenoma characteristics, may influence the occurrence of colorectal adenomas. Numerous studies have investigated the features of adenomas associated with recurrent colorectal neoplasia (CRN), [9] [10] [11] [12] [13] whereas studies focusing on patient characteristics associated with recurrent CRN are few in number. [14] [15] [16] Editor: Saurabh Chawla.
Recently, many studies have reported that smoking, obesity, and metabolic syndrome (MetS), as well as older age and male sex, are risk factors for the development of colorectal adenoma. [17] [18] [19] [20] [21] However, the majority of these studies were cross-sectional investigations, which evaluate the association between the prevalence of adenoma and patients' characteristics. [18, 19, 21, 22] These patient characteristics may also be risk factors for developing metachronous adenomas. Several studies reported that older age and male sex were associated with a higher risk of adenoma recurrence. [9, 12, 23, 24] However, data regarding the influence of modifiable risk factors, such as metabolic factors, on adenoma recurrence are extremely limited. Thus, we conducted this longitudinal study to identify patientrelated risk factors associated with the occurrence of colorectal adenomas at time of follow-up surveillance colonoscopy, especially focusing on metabolic factors.
Methods

Study population
The study population consisted of asymptomatic subjects who had undergone a colonoscopy as part of a comprehensive health screening program at Kangbuk Samsung Hospital, Seoul and Suwon, Korea, between 2010 and 2011 (defined as "initial colonoscopy") (n= 62,171). Of these participants, 7318 subjects underwent repeat colonoscopy as part of a health checkup between 2012 and 2013 (defined as "follow-up colonoscopy"). The exclusion criteria were as follows: poor bowel preparation (n = 1744), lack of an adequate biopsy (n = 43), missing anthropometric data (n = 47), a family history of CRC (n = 420), a history of CRC or colorectal surgery (n = 17), a history of inflammatory bowel disease (n = 70), detection of a colorectal carcinoid tumor during this study (n = 36), detection of a colorectal adenocarcinoma during this study (n = 3), and age <30 years old (n = 69). Finally, the total number of eligible subjects for the study was 4869 (Fig. 1) . Poor bowel preparation was defined as "large amounts of solid fecal matter found, precluding a satisfactory study; unacceptable preparation; <90% of mucosa seen." [25] Before colonoscopy, general practitioners conducted interviews to ensure that the subjects had no gastrointestinal symptoms, such as visible rectal bleeding or abdominal pain. Subjects with these symptoms were urged to seek medical care and only asymptomatic participants continued this screening program.
In Korea, the Industrial Safety and Health Law requires employees to participate in annual or biennial health examinations. About 60% of the participants were employees of various companies and local governmental organizations and their spouses, with the remaining participants registering individually for the program. In most Korean companies, the mandatory retirement age is ∼55 years. As part of the welfare policy, companies often subsidize annual or biennial comprehensive health examinations including colonoscopies, regardless of age. Such programs are popular in Korea. [20] Therefore, our database had a relatively large group of subjects aged <50 years who underwent screening colonoscopy. In addition, although clinicians recommend that the frequency of undergoing surveillance colonoscopy should be as per the intervals mentioned in the present guideline (the Korean guideline recommends surveillance colonoscopy at 5 years for subjects with no adenoma or low-risk adenomas and at 3 years for those with high-risk adenomas), [7] some subjects opt to undergo a colonoscopy biennially in spite of having no adenomas or low-risk adenomas, regardless of the recommendation, because companies often subsidize annual or biennial health screening programs that include colonoscopies.
This study was approved by the Institutional Review Board of Kangbuk Samsung Hospital, which exempted the requirement for informed consent, because we retrospectively accessed only de-identified data.
Measurements and definitions
Data on medical history and health-related behaviors were collected through a self-administered questionnaire, whereas the physical measurements and laboratory tests were performed by a trained staff. Self-reported use of nonsteroidal anti-inflammatory drugs (NSAIDs) (regular use over the previous month) was also assessed. Family history of CRC was defined as CRC in ≥1 firstdegree relatives at any age.
The blood samples were collected from the antecubital vein after at least a 10-hour fast. The serum levels of the total cholesterol and triglycerides were determined using an enzymatic colorimetric assay. Fasting blood glucose (FBG) levels were measured using the hexokinase method. For the blood pressure (BP) measurements, the average of 3 measurements was used for the data analysis. Diabetes mellitus (DM) was defined as history of DM, use of glucose-lowering medications, FBG ≥126 mg/dL, or HbA1c ≥6.5%. MetS was diagnosed when ≥3 of the following criteria were satisfied: abdominal obesity, elevated FBG levels (≥100 mg/dL or use of glucose-lowering medications), elevated BP (≥130 mm Hg systolic, ≥85 mm Hg diastolic, or intake of antihypertensive drugs), elevated triglyceride levels (≥150 mg/ dL), and reduced high-density lipoprotein cholesterol (HDL-C) levels (<40 and <50 mg/dL in men and women, respectively). [26] Because waist circumference measurements were not available for all participants, we substituted overall obesity for abdominal obesity. Obesity was defined as body mass index (BMI) ≥25 kg/ m 2 , which is the proposed cut-off for the diagnosis of obesity in Asians. [27] BMI was calculated by dividing the measured weight (kg) by the square of the height (m 2 ). The presence or absence of fatty liver was examined through abdominal ultrasonography (US). A diagnosis of fatty liver was made on the basis of 4 known criteria: hepatorenal echogenic contrast, liver brightness, deep attenuation, and vascular blurring. [28] Abdominal US was performed using a 3.5-MHz transducer (Logiq 9; General Electric, Madison, WI) by 11 experienced radiologists, who were unaware of the study aims and blinded to clinical information. To assess intra-observer and inter-observer reliability of US diagnosis of fatty liver, random samples of 200 stored US images were re-read at least 2 weeks apart by the 11 radiologists. Inter-observer reliability was substantial (kappa statistic of 0.74), and intra-observer reliability was excellent (kappa statistic of 0.94). [29] However, fatty liver is just a factor in the steatohepatitis assessment tools and cannot be the sole factor in decision.
Colonoscopy and histologic examination
Colonoscopy was performed by 11, 12, 13, and 12 experienced gastroenterologists in 2010, 2011, 2012, and 2013, respectively, using an EVIS LUCERA CV-260 colonoscope (Olympus Medical Systems, Tokyo, Japan). The total number of unique gastroenterologists was 21. All the participants took 4 L of polyethylene glycol solution for bowel preparation.
All detected polypoid lesions were biopsied or removed and histologically assessed by experienced pathologists. Polyps were classified by number, size, and histologic characteristics (tubular, tubulovillous, or villous adenoma; hyperplastic polyp; inflammatory polyp; and sessile serrated adenoma or traditional serrated adenoma). Pathologic results of the hyperplastic polyps, inflammatory polyps, or lipomas were considered normal findings. The grade of dysplasia was classified as low or high. Advanced adenoma was defined as the presence of 1 of the following features: >10 mm diameter, tubulovillous or villous structure, and high-grade dysplasia (HGD). [6] Subjects simultaneously discovered to have nonadvanced and advanced adenomas were classified as having advanced adenoma. The study subjects were categorized into normal, low-risk, and high-risk groups according to initial colonoscopy findings. The normal group was defined as subjects with no adenoma, the low-risk group was defined as subjects with 1 to 2 tubular adenomas <10 mm, and the high-risk group was defined as subjects who have adenomas with villous histology, HGD, size ≥10 mm, or ≥3 adenomas at the initial colonoscopy. [6] [7] [8] 
Statistical analysis
Data are expressed as mean ± standard deviation or frequency (%). In each normal, low-risk, and high-risk group, baseline characteristics between subjects with and without adenoma occurrence at follow-up colonoscopy were compared by x 2 analysis for categorical variables and by Student's t test for continuous variables.
The risks of the occurrence of any adenoma and advanced adenoma at follow-up colonoscopy according to baseline patient and adenoma characteristics were assessed using Cox proportional hazards modeling. Person-years were calculated as the sum of the intervals from initial to follow-up colonoscopy. We estimated the hazard ratios (HRs) with 95% confidence intervals (CIs) for the association of patient characteristics with the risks of adenoma occurrence using Cox proportional hazards models, adjusted for potentially confounding variables such as age, sex, smoking status, use of NSAIDs, fatty liver, and MetS. The analysis of DM, obesity, BP, FBG, HDL-C, and triglyceride levels was not adjusted for MetS.
In the subgroup analysis, the cumulative probabilities of adenoma occurrence were calculated using the Kaplan-Meier method, with differences determined using the log-rank test. All of the reported P-values were 2-tailed, and P-values <0.05 were considered to be statistically significant. SPSS Version 18 (IBM Corp., Armonk, NY) was used for statistical analyses.
Results
Baseline characteristics of study population
A total of 4869 participants were eligible for the analysis (Fig. 1) . At baseline, the mean age of the 4869 subjects was 42.0 ± 6.8 years, and 87.1% of the subjects were men. The proportions of subjects aged 30 to 39 years, 40 to 49 years, and ≥50 years were 39.1%, 47.9%, and 13.0%, respectively. The mean interval between initial and follow-up colonoscopy was 2.2 ± 0.6 years, with a total of 10,618 person-years.
According to initial colonoscopy findings (baseline adenoma characteristics), 2827 (58.1%) subjects were assigned to the normal group, 1619 (33.3%) to the low-risk group, and 423 (8.7%) to the high-risk group. In each group, the baseline characteristics between subjects who experienced the occurrence of adenoma at follow-up surveillance colonoscopy and who did not are summarized in Table 1 . In all groups, subjects with adenoma occurrence had a higher mean age compared with subjects without adenoma occurrence. In the normal group, subjects with adenoma occurrence had higher proportions of fatty liver, DM, obesity, elevated BP, and elevated triglyceride levels compared with subjects without adenoma occurrence. In the low-risk group, adenoma occurrence was seen in a higher proportion of males, MetS, elevated BP, and elevated FBG levels. Meanwhile, in the high-risk group, adenoma occurrence was more frequently seen in males, patients with DM, MetS, obesity, and elevated BP. In all groups, there was no significant difference in the proportion of subjects with a smoker, use of NSAIDs, and low HDL-C levels between subjects with and without adenoma occurrence. Table 2 shows the risk for the occurrence of any adenoma and advanced adenoma at the time of follow-up colonoscopy among the 4869 subjects, according to the patients' clinical characteristics and adenoma characteristics at the time of initial colonoscopy. A Cox proportional hazard regression analysis was performed to determine the risk factors for the occurrence of any adenoma and advanced adenoma. In the univariate analyses, patients' demographic factors including older age (≥50 years; HR, 2.07; 95% CI, Table 1 Comparison of baseline characteristics between subjects with and without the occurrence of adenoma at follow-up colonoscopy.
Risks of adenoma occurrence according to baseline patient and adenoma characteristics
Normal group (n = 2827) Low-risk group (n = 1619) High-risk group (n = 423) Data are presented as mean ± standard deviation or number (%). BMI = body mass index, BP = blood pressure, CRC = colorectal cancer, DM = diabetes mellitus, FBG = fasting blood glucose, HDL-C = high-density lipoprotein cholesterol, MetS = metabolic syndrome, NSAID = nonsteroidal anti-inflammatory drug. * DM was defined as history of DM, use of glucose-lowering medications, FBS ≥126 mg/dL, or HbA1c ≥6.5%. † BP ≥130/85 mm Hg, or taking antihypertensive drugs. ‡ FBG ≥100 mg/dL or use of glucose-lowering medications.
x HDL-C <40 mg/dL in men or <50 mg/dL in women.
Table 2
Risks of adenoma and advanced adenoma occurrence according to baseline patient and adenoma characteristics.
Any adenoma occurrence (n = 948)
Advanced adenoma occurrence (n = 67) BMI = body mass index, BP = blood pressure, CI = confidence interval, CRC = colorectal cancer, DM = diabetes mellitus, FBG = fasting blood glucose, HDL-C = high-density lipoprotein cholesterol, HR = hazard ratio, MetS = metabolic syndrome, NSAID = nonsteroidal anti-inflammatory drug. * Estimated from Cox proportional hazard models adjusted for age, sex, smoking status, use of nonsteroidal anti-inflammatory drugs, fatty liver, and MetS (The analysis of DM, obesity, BP, FBG, HDL-C, and triglycerides were not adjusted for MetS). † DM was defined as history of DM, use of glucose-lowering medications, FBS ≥126 mg/dL, or HbA1c ≥6.5%. ‡ BP ≥130/85 mm Hg, or taking antihypertensive drugs. x FBG ≥100 mg/dL or use of glucose-lowering medications. ¶ HDL-C <40 mg/dL in men or <50 mg/dL in women. 
Subgroup analysis by baseline adenoma characteristics
We performed subgroup analysis based on risk groups according to initial colonoscopy findings (Table 3 ). In the normal group, older age (≥50 years; aHR, 1.84; 95% CI, 1.37-2.47) was the only independent risk factor for adenoma occurrence at follow-up surveillance colonoscopy. In the low-risk group, older age (≥50 years; aHR, 
Influence of MetS on adenoma occurrence
We compared the cumulative incidence of adenoma occurrence at follow-up colonoscopy between low-risk and high-risk groups. The high-risk group showed a higher cumulative incidence of adenoma occurrence than the low-risk group (P <0.001, Fig. 2A ). However, the cumulative incidences of adenoma occurrence in the high-risk group without MetS and the low-risk group with MetS were comparable (P = 0.948, Fig. 2B ). In other words, the significant gap in adenoma occurrence according to baseline adenoma characteristics was offset by a patient-related risk factor that is MetS.
Discussion
This large-scale, longitudinal study, which included 4869 asymptomatic participants, investigated the factors associated with the occurrence of colorectal adenomas at follow-up surveillance colonoscopy, focusing on patients' clinical characteristics. We found that patients' demographic factors, including older age, male sex, MetS, obesity, elevated FBG levels, and elevated triglyceride levels, as well as baseline adenoma characteristics (low-risk and high-risk adenomas), were associated with a higher risk of adenoma occurrence at surveillance colonoscopy. Moreover, the cumulative incidence of adenoma occurrence in the low-risk group with MetS was comparable with that in the high-risk group without MetS. The present guidelines recommend intervals of surveillance colonoscopy according to adenoma characteristics, on the basis of the likelihood of developing ACRN during surveillance. [6] [7] [8] However, our study showed that patients' characteristics, including MetS, obesity, older age, and male sex, also influence the occurrence of adenomas at surveillance colonoscopy. Our findings suggest that the surveillance colonoscopy interval may be individualized and optimized according to patient-related risk factors, in addition to adenoma characteristics. These tailored suggestions for surveillance colonoscopy intervals can improve the efficacy and cost effectiveness of surveillance colonoscopy and may reduce the risk of interval CRCs. [18, 19, [30] [31] [32] To date, only a few studies have investigated the influence of these metabolic factors on adenoma occurrence at follow-up surveillance colonoscopy. [14, 16, [33] [34] [35] One Japanese study involving 1111 subjects who underwent removal of >5 mm adenomas at initial colonoscopy demonstrated that obesity and increased FBG were associated with an increased risk of adenoma recurrence. [33] Another 2 studies revealed that obesity was associated with an increased risk of adenoma recurrence and advanced adenoma recurrence. [14, 34] Recently, a Korean study including 1792 subjects demonstrated that metabolic factors, especially high waist circumference, affect CRN occurrence at surveillance colonoscopy. [35] A Taiwan study including 4483 subjects also showed that MetS is a risk factor for the occurrence of an advanced adenoma at surveillance colonoscopy. [16] However, the Korean and Taiwan studies reported that high waist circumference and MetS had significant effects on the risk for CRN in the normal and low-risk groups, but not in the highrisk group. [16, 35] On the contrary, in our study, MetS was associated with a higher risk of adenoma occurrence in the lowrisk group and its component, elevated FBG, was associated with a higher risk of adenoma occurrence in both the high-risk and low-risk groups. Metabolic factors seem to accelerate adenoma occurrence in patients with a history of adenoma. Based on our Table 3 Subgroup analysis for adenoma occurrence by baseline adenoma characteristics.
Normal group (n = 2827) Low-risk group (n = 1619) High-risk group (n = 423) results, we carefully suggest that patients with both high-risk adenomas and clinical risk factors such as MetS be categorized as "very high-risk patients," and these patients may be recommended to undergo surveillance colonoscopy at <3 years. In addition, the low-risk group with clinical risk factors may be recommended to undergo surveillance colonoscopy earlier than 5 to 10 years, whereas the high-risk group without clinical risk factors may be recommended to undergo surveillance colonoscopy beyond 3 years. These suggestions are supported by our finding that the significant gap in adenoma recurrence according to baseline adenoma characteristics (low-risk vs high-risk group) was offset by patient-related risk factors such as MetS.
The main pathophysiological abnormality of MetS and obesity is visceral fat deposition. [36] Visceral fat is associated with insulin resistance and conditions which influence the carcinogenic process by increasing cell proliferation and reducing apoptosis. [37] In addition, visceral adipose tissues release inflammatory cytokines and adipocytokines, which increase the risk of development and growth of colorectal tumors. [38] Based on these biologic mechanisms, it is reasonable to conclude that MetS affects adenoma occurrence at surveillance colonoscopy, as well as adenoma prevalence.
The gut microbiome may be proposed as another mechanism linking MetS and CRN. Both animals and humans studies suggest that gut microbiota play a significant role in energy homeostasis, metabolic processes, modulation of inflammatory signaling pathways, and interference with the immune system, potentially contributing to MetS. [39] Recent studies also support a link between gut microbiome and CRN. [40] The gut microbiota can drive DNA damage via either specific proteins or metabolites and thus it may affect the risk of developing CRN. [40, 25] In the present study, obesity, MetS and its individual components, such as elevated FBG and triglyceride levels, showed a significant impact on the occurrence of adenomas. Especially, elevated FBG was an independent risk factor for adenoma occurrence in both low-risk and high-risk groups. Although the mechanisms linking elevated FBG and adenoma occurrence are not fully understood, there are several possible explanations. First, hyperinsulinemia has been reported to promote carcinogenesis through the effect of insulin-like growth factor 1. [41] Second, hyperglycemia can promote the formation of reactive oxygen species, which can damage DNA and trigger cancer progression. [42] Third, glucose may contribute to colorectal carcinogenesis through an increase in bile acids or energy supply to neoplastic cells. [43] Considering that components of MetS are modifiable and its incidence has dramatically increased worldwide, [44] interventions to alleviate MetS (such as exercise, diet control, or weight reduction) may play important roles in reducing adenoma occurrence. However, the evidence is lacking. Further long term, prospective, randomized, controlled studies are warranted to clarify whether the interventions to prevent MetS have merit in decreasing the development of metachronous adenoma.
On the contrary, we found that in the multivariate analysis, MetS was not associated with adenoma occurrence in the highrisk group (aHR, 1.33; 95% CI, 0.90-1.96). The reason may be that the number of patients in the high-risk group was insufficient to reach statistical significance. In addition, MetS itself does not have a significant impact on the risk for advanced adenoma. The most likely explanation is that the follow-up period (mean duration 2.2 years) might be too short to evaluate the risk for the occurrence of advanced adenoma. However, baseline adenoma characteristics were associated with a higher risk for advanced adenoma occurrence. Moreover, the most potent risk factor for adenoma occurrence (highest aHR) was baseline adenoma characteristics (high-risk adenoma). In other words, aHRs of patient-related risk factors were lower than the aHR of the highrisk group. Our findings indicate that although several metabolic factors have significant effects on the risk for adenoma occurrence, baseline adenoma characteristics remain to be the most important factors for risk stratification of adenoma occurrence during surveillance colonoscopy.
In the present study, older age and male sex were found to be independent risk factors for adenoma occurrence. Similar to our results, previous studies have also reported that older age and male sex are associated with a higher risk of adenoma occurrence. [13, 15, 16, 33] In our study, older age was the most important patient-related risk factor (highest aHR among patient characteristics) for adenoma occurrence; it was also a risk factor for advanced adenoma occurrence. Based on the results of our study and previous studies, age and sex may also be considered in surveillance colonoscopy intervals.
The strength of our study was that it included a relatively larger number of subjects than other earlier related studies. However, there are several limitations in the present study. First, this was not a population-based study, but rather a retrospective study that included participants who underwent a colonoscopy as a part of a regular health examination in 2 centers in Korea. As a result, there was likely some degree of selection bias. Moreover, a large majority of the study subjects were men and <50 years of age. Therefore, interpretation of our findings requires careful consideration when applied to other populations or settings. However, this uniqueness of our cohort made it possible to identify the risk factors for metachronous adenoma in a young population and confirm that MetS was associated with a high risk of metachronous adenoma even in a young population. Considering the increasing incidence of CRC in young adults <50 years of age, [45] our study provides significant information about metachronous adenoma in a young population. Second, the follow-up period might be too short to evaluate the risk for the occurrence of adenoma, especially advanced adenoma. Some percentage of adenomas found at the time of surveillance colonoscopy might have been missed in the initial colonoscopy. Third, MetS was determined using overall obesity (BMI ≥25 kg/ m 2 ) instead of abdominal obesity because waist circumference measurements were not available for all participants. Finally, data on dietary factors, physical activity, and economic status, which could be confounders, were not analyzed.
In conclusion, patients' characteristics, including MetS, obesity, older age, and male sex, as well as baseline adenoma characteristics, were independent risk factors for adenoma occurrence at follow-up surveillance colonoscopy. These patient-related risk factors, in addition to adenoma characteristics, may be considered in determining surveillance colonoscopy intervals. Further prospective, long-term, longitudinal studies are required to establish guidelines for individualized surveillance intervals based on both patient characteristics and adenoma characteristics.
